Introduction
Ferrites belong to an important class of spinel structured materials having the chemical formula AB 2 O 4 , where A and B are divalent and trivalent cations Ni, Zn, Mn, Mg, Cr, Co, Fe, etc. It is also represented as (M
, where δ represents the cation distribution between the tetrahedral A and octahedral B sites. The simple bracket represents the average occupancy of A sites and the square bracket represents the average occupancy of B sites. The inversion parameter is δ = 0 for normal spinels, 1 for inverse spinels, and between 0 and 1 for mixed spinel structures. Selective incorporation of metal ions in the tetrahedral and octahedral sites of the spinel structure allows the creation of many different materials having properties that can be tailored to a variety of applications.
Ni x Zn 1−x Fe 2 O 4 (x = 0.65) is an example of mixed spinel structured material that comes under the class of soft ferrites. Nickel zinc ferrite (NZFO) is a material of high saturation magnetization, low eddy current loss, low coercivity, high Curie temperature, high resistivity, low dielectric loss, low dielectric constant, good thermal stability, and low cost. As a result, NZFO find many commercial applications such as being a noise suppressor material in various electromagnetic interferences [1, 2] , cores of RF transformers and inductors, reflectance coils, antennas, and modulators [3] . NZFO also finds application in pulsed magnetic devices of accelerators and electronic switching systems [4] , magnetic storage devices, microwave devices, etc. One important feature of nickel zinc ferrite is that its electrical and magnetic properties strongly depend on the distribution of cations in the tetrahedral (A) and octahedral (B) sites of the spinel structure [5] [6] [7] [8] . There are several novel approaches of synthesis to induce tailor-made properties to nickel zinc ferrite. Controlled grain growth by the introduction of an amorphous medium is one such method. The present work is based on a procedure of synthesis in this direction, as previously reported [9] [10] [11] [12] [13] [14] [15] , where a heterogeneous complex combination of polynuclear cations of Fe 3+ , Ni 2+ , and Zn 2+ and glyoxylate dianion (C 2 H 2 O 2− 4 ) is used as the precursor of ferrite particles. The metal ion-glyoxylate dianion complex is uniformly disbursed in the gel medium of SiO 2 . Several researchers used SiO 2 as an excellent host medium for the uniform distribution of ferrite precursor [16] [17] [18] [19] [20] . There are reports on the use of SiO 2 as an additive for modifying the properties of nickel zinc ferrites [21] [22] [23] [24] [25] . The threedimensional network of silica medium has plenty of voids that can act as the perfect nucleation sites for the nickel zinc ferrite particles during thermal decomposition of the trapped precursor units. The silica matrix is used not only to serve as the spatial nucleation site, but also to confine the coarsening of nanoparticles and minimize the degree of crystalline aggregation. It is well known that magnetic nanoparticles tend to agglomerate not only due to their large surface energy but also due to their strong magnetic interaction. The magnetic/electric/optical properties of the medium enhances with reduction in particle size. Thus, it is necessary to keep the particle size stable against changes in different physical conditions for reproducible and identical physical properties. In this context the amorphous and nonmagnetic silica medium plays an effective role to control the particle agglomeration due to aging or changes in temperature. There are reports on the synthesis of granular ferrite particles by coating SiO 2 [26] on NZFO nanoparticles, where it is difficult to coat all particles with uniform thickness or isolate each particle and encapsulate them uniformly.
There are several studies on the effect of the silica matrix on the structural and magnetic properties of NZFO [10, 11, [13] [14] [15] , ZFO [16, 17] , and NFO [18, 19] by changing the ferrite content in SiO 2 . It is found that the amorphous medium has a strong influence on the size of ferrite crystallites and their magnetic properties. For samples with low ferrite content, particle size is well below the critical size for observing superparamagnetism [10, 11] , whereas high ferrite content results in higher values of saturation magnetization and retentivity. These papers thoroughly investigated the magnetic properties of the material for different proportions of Ni, Zn, and Fe in NZFO and for different ratios of ferrite in SiO 2 .
So far, no systematic study on the effect of SiO 2 medium on electrical properties of NZFO nanoparticles following the same synthesis has been reported. It is worth noting that dielectric constant, loss tangent, and conductivity are some of the characteristic properties that make a material potentially significant for different applications. NZFO is a material of low dielectric constant, very low loss tangent, and very high resistivity.
The magnitude of all these quantities depends on factors such as method of synthesis, composition, Fe 2+ /Fe 3+ ratio, cation distribution in the octahedral and tetrahedral sites of the spinel structure, sintering temperature, particle size, and frequency of the electric field. Here we report the influence of the silica matrix on the electrical properties of ferrite by changing the ferrite content.
Materials and methods
The materials used in the synthesis are Fe(NO ). The SiO 2 matrix is formed by hydrolysis of TEOS from silanol monomers and then it condenses and is cross-linked to form the silica gel network [27] . The rate of gelation depends on the concentration of the reactant, the type and amount of catalyst, and the ambient temperature. According to previous reports [12] , the presence of ethylene glycol in the medium influences the gelling process and the morphology of the final silica matrix. The metal nitrate-ethylene glycol complex, disbursed uniformly in the medium, gets trapped in the pores of the silica gel matrix and acts as the precursor for NZFO. Thermal decomposition of the metal-ethylene glycol complex at 350
• C results in the formation of (Ni 0.65 Zn 0.35
The sample is further sintered at temperatures of 600, 800, 900, 1000, and 1100 
Characterization
Thermal decomposition of the reactants, elimination of volatile byproducts, and the evolution of stable end products are investigated using thermogravimetric and derivative thermogram analysis. Fourier transform infrared studies are performed to monitor the functional groups present during different stages of development of NZFO samples. For the structural studies, powder XRD is used as the primary technique and TEM imaging is used as a complementary tool. Morphological studies are done using transmission electron diffraction analysis. Electrical studies are conducted using a Hioki 3532-50 LCR Hi-Tester LCR meter. For the electrical study, Ni x Zn 1−x Fe 2 O 4 / SiO 2 powder is mixed with PVA binder and compacted to a disc shape of thickness of 2 mm and diameter of 13 mm by applying pressure of 5 t for 5 min. The pellet is annealed at 850 • C for 3 h for the removal of the binder. XRD values of the crushed pellet are taken to study the effect of high pressure and temperature on the material. No modification is observed in the diffraction pattern, inferring the stability of the material against compressing at 5 t or annealing at 850 • C. Silver paste is applied on the top and bottom sides of the pellet and it is loaded into the sample holder for electrical measurements. The sample and the holder are then transferred to a temperature-controlled heater unit attached to the LCR meter for electrical property studies. 1. It is expected to form a metal-ethylene glycol complex along with NO, HNO 3 , water, and ethanol in the initial state of synthesis [10, 12] , so the reaction peak at 138.69
Results and discussion

Thermal analysis
• C with mass loss of 0.233 mg/min is due to the oxidation reaction of metal nitrates with the elimination of volatile components of the reaction product [10, 12, [28] [29] [30] .
2. Derivative mass loss of 0.25 mg/min at 167.12 • C and the loss of weight in the TG graph up to 200 • C are assigned to elimination of HNO 3 , the unreactive part of TEOS, and other volatile components of reaction products.
3. Loss of weight of 0.12 mg/min at 376.37
• C is due to the oxidative decomposition of the metal-ethylene glycol complex, leading to the formation of the ferrite phase and elimination of volatile components CO and H 2 O [28, 29] .
Sample S 6 (shown in Figure 2 ) has two prominent loss peaks at 145. 
FT-IR analysis
Fourier transform infrared absorption analysis provides information about the functional groups present during the different stages of the development of a sample. The spectrum is recorded by a Thermoavatar 370 spectrophotometer, using KBr pellets in the range of 400-4000 cm −1 . Three samples of S 2 selected during different stages of synthesis of NZFO and that of sample S 0 are used for the analysis. Characteristic spectra of S 2 (x = 0.35) at three stages of thermal processing are shown in Figures 3-5 and Table 1 shows their corresponding absorption bands. The absorption frequencies in the last column of Table 1 shows only a few intense absorption bands, confirming the signature frequencies of the metal-oxide phase, Si -O -Si, and low intensity of -OH and -COH vibrations bands infers the presence of the ferrite phase in the silica matrix. The observed absorptions at 560 and 467 cm −1 are assigned to characteristic vibrations of metal ions in the tetrahedral or octahedral sites of the spinel structure [14, 32] . [36, 37] are absent in sample S 2 annealed at 1000 • C, confirming the phase purity of the final product. The analysis clearly confirms the presence of the ferrite phase and the silicon dioxide matrix. 
XRD analysis
The X-ray diffraction studies are carried out using Cu-K α radiation of wavelength λ = 1.5406 nm with a Bruker AXS D8 Advance instrument for a scan angle range of 10 • to 70
• . Samples calcined at 400 • C and further sintered at 500, 600, 700, 800, 900, 1000, and 1100
• C are used for the study. The X-ray diffraction patterns of ferrite/SiO 2 samples with different ferrite contents are shown in Figure 7 . From the patterns it is clear that the height (intensity) and width (FWHM) of the peak depends on the value (x) of ferrite content in ferrite/SiO 2 . The smaller the value of x, the more spatially separated are the ferrite crystallites, so the peaks are of low intensity and broad. The intensity of a diffraction pattern at a particular Bragg angle depends on the number of scattering centers in the medium. All the reported works regarding X-ray analysis of ferrite/silica composites treated the SiO 2 matrix as amorphous [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Hence, the intensity of the X-ray at any Bragg angle is contributed by both the ferrite phase and the background amorphous medium. If the crystallite size is too small, then diffraction intensity becomes well below the detection limit of the instrument, resulting in a diffused pattern. Thus, the broad diffraction peaks with low intensity clearly indicate the small size of crystallites or the amorphous nature of the sample. Figure 7 shows that all diffraction peaks are matching well in terms of Bragg angle and are labeled properly using Miller indices. It is also observed that the intensity of all diffraction peaks is enhanced uniformly and the full width at half maximum of the peak reduces with the increase of ferrite content in ferrite/SiO 2 samples. The result agrees with the JCPDS 008-0234 data card of nickel-zinc-ferrite.
The influence of thermal processing on the ferrite/silica sample is revealed in Figure 8 , where XRD of samples at different sintering temperatures is shown. It is apparent that the crystallinity of the material improves further with increase in sintering temperature. All patterns are properly labeled in terms of the (hkl) plane index. As sintering temperature increases, the height of the diffraction peak increases and the FWHM decreases but the diffraction angle maintains the same. The lattice parameter of the composite is calculated using the formula
, where λ is the wavelength of the X-ray, (h, k, l) are the Miller indices of the crystal plane, and is θ the Bragg angle. For sample S 2 (sintered at 1000 • C), the lattice parameter is 8.391Å and it differs by 0.01Å from previously reported results [28] [29] [30] . In these references the ferrite precursor is the same and a silica medium is absent, so the close agreement of the lattice parameter indicates that the crystalline structure of ferrite is not affected by the silica medium. • C shows the phase purity of the material, supporting the two-step thermal processing followed here [13, 14] . The possibility of a characteristic diffraction pattern of β SiO 2 reported previously [10] is not observed in this case because of the lower sintering temperature employed. Samples sintered at lower temperatures show low-intensity diffraction peaks of large full width at half maximum, indicating incomplete crystallinity or small crystallite size. The average size (D) of the crystallite is calculated according to the Scherrer formula, β hkl =
0.94λ
Dcosθ , where β hkl is the full width at half maximum of the intense peaks, λ is the wavelength of the X-ray, and θ is the Bragg angle for the prominent peaks representing (220), (311), (400), (422), (511), and (440) planes. Table 2 shows the size of the crystallite at different sintering temperatures of sample material S 2 and the observed values are much lower than those of other methods of synthesis [9, 15, 38] . The observed line broadening of diffraction peaks is the resultant effect of the measuring instrument and lattice imperfection/defects of the material. Sample-dependent line broadening is due to strain induced by the crystal imperfection and the true size of the crystallite. Considering the crystallite as an isotropic medium, the strain associated is given by ϵ = β 4 tan θ . Assuming that the crystallite size and strain contribution to the line broadening are independent of each other, the observed line broadening is calculated by
Dcosθ + 4ϵ tan θ , which is called the Williamson-Hall (W-H) equation [39, 40] . From the slope and Y-intercept of the linear plot, one can find the crystallite size and lattice strain. Table 2 shows the crystallite size determined using the Scherrer equation and W-H equation and the observed lattice strain. Furthermore, the crystallite size and strain modification with sintering temperature are tabulated (Table 3 ). The usefulness of the W-H method depends on the number of well-developed diffraction peaks and the accuracy of FWHM measurement. At low sintering temperatures or at low ferrite contents in the sample only two or three peaks are well resolved, so the number of data points in the W-H plot are only that much and hence the accuracy of the best-fit linear plot is not very good. It is observed that crystallite size increases with increase in sintering temperature or ferrite content in the ferrite/SiO 2 sample, which agrees with reported results [9] [10] [11] [12] [13] [14] [15] . The value of crystallite size observed is in the range of 5-26 nm for samples S 1 to S 6 sintered at 1000
• C and 5-16 nm for sample S 2 at sintering temperatures of 800-1100 • C. Both the Scherrer equation and the W-H method give nearly the same value of crystallite size and the difference between the two results is high when the sintering temperature or the ferrite content in the composite is low. Observed strain on the crystallite is at minimum in the case of the sample without silica medium and maximum for sample S 4 , where the ferrite content is 65% of the composite. It is also observed that strain on the crystallite decreases with decrease of ferrite content in the NZFO/SiO 2 medium. The spatial separation of ferrite crystallite in the composite medium and its size are the factors that decide the strain. In the case of a low ferrite/SiO 2 ratio, the crystallite is small enough to reside well in the voids of the SiO 2 matrix. As the content of ferrite in the ferrite/SiO 2 sample increases, number density and crystallite size of ferrite units increase, so the voids in the SiO 2 network are more tightly filled and strain on the crystallite increases. The shrinkage of the SiO 2 network during thermal treatment may act on the ferrite structure and introduce strain on the lattice. It may also be possible that the SiO 2 network surrounding the crystallite is disrupted by the sintering process and crystallite size increases due to coalescence of ferrite grains and strain on the crystallite due to the medium increases. 
TEM analysis
TEM images are recorded with a JEOL JEM-2100 microscope using 200 kV electron beams for the highest resolution of nanosized particles. Information from TEM analysis is used to complement the results of X-ray powder diffraction patterns. TEM images of sample (Ni-Zn-Ferrite) x / (SiO2) 1−x with x = 0.35 and sintered at 1000
• C are presented in Figures 9 and 10 . The HR-TEM very clearly shows the distribution of ultrafine spherical particles of almost uniform size dispersed throughout the silica matrix medium. Using four TEM images, the average particle size from 60 measurements of sample S 2 sintered at 1100 • C is 18.16 ± 5.41 nm; the value so obtained is slightly higher than the results from the Scherrer and W-H equations. The average particle size of 60 measurements from four TEM images for sample S 5 sintered at 1100 • C is 21.01 ± 6.87 nm, again inferring an increased size of particles for high Ferrite/SiO 2 ratios. Thus, the effect of the silica medium is to minimize the size of the ferrite particles in the synthesized material and this is in agreement with previous reports [11, 14] . The selected area diffraction (SAED) pattern in Figure 11 shows spotty concentric rings, revealing their crystalline quality. The diameter of each spotty concentric ring is measured. Using the ratio of these measurements, the corresponding crystal planes are identified as (220), (311), (400), (440), and (511).
Electric conductivity
Conductivity (σ) in general is a complex quantity and is represented as σ = σ (dc) + jσ (ac) . The real part of conductivity has two components, σ (dc) = σ (dc) + σ (ac) . The dc conductivity ( σ dc ) depends on drift mobility of charge carriers and is a function of temperature, whereas the ac conductivity depends on both temperature and frequency. The ac conductivity can be determined from the dielectric constant and frequency using the relation σ ac = ωε ′′ = ωε ′ tan δ , where ε ′ ,ε ′′ , ω , and tan δ are the real and imaginary parts of the dielectric constant, angular frequency of the electric field, and the loss tangent, respectively. Further, σ ac is attributed to the dielectric relaxation caused by the localized charge carriers and obeys a power law of the form σ ac = Aω s , where A is a constant for a particular temperature and s represents the degree of interaction between the mobile ions and the environment surrounding them [41, 42] .
The atomic level occupancy of ions in NZFO crystal can be described by the structural formula (Me [43, 44] , where A and B stand for tetrahedral and octahedral sites, where δ is the inversion parameter and Me the divalent cations. In NZFO crystallites the Zn 2+ cations prefer to occupy the tetrahedral and Ni 2+ the octahedral sites, whereas Fe 3+ is equally distributed in both sites [44] [45] [46] [47] . In the present study the inversion parameter is 0.65; because of the strict preferential site occupancy of zinc ions and the stoichiometric relation, it is expected that 0.35 mol of Zn 2+ ions are present in the tetrahedral A sites for every 0.65 mol of Ni 2+ and 2 mol of Fe 3+ ions in the NZF/SiO 2 composite. Based on activation energy and drift mobility calculation [48] , it reported that the conduction mechanism in ferrite is due to hopping of charge carriers and not band conduction of free electrons/holes and now it is the generally followed explanation. Hopping probability of electrons/holes between the ions of the same element existing in two different valence states depends on the cationic distance, which in turn depends on the ionic radius, in the A and B sites. The ionic radius of cations of the nickel-zinc-ferrite unit are Zn
From the configuration and geometry of tetrahedral and octahedral voids, the spatial separation between metallic ions in the A site is more than that of the B site. Thus, the hopping probability of electrons/holes between the ions of the same element in the A site is less than that of the B site. In the octahedral site there exist two possible metal-ion oxygen configurations. [48] . The number of Fe 2+ and Ni 3+ ions in ferrite depends on the preparation conditions, sintering temperature, defects, etc.; hence, the conductivity of NZFO is controlled by all these factors. The movement of electrons/holes thus generated is restricted within the limit of the crystallites. According to Koop's theory [51] , each ferrite grain has a conducting volume space with a highly resistive boundary surface.
In an applied electric field the ferrite grain can be polarized and the conductivity of ferrite depends on the extent of space charge polarization of the medium. Observations regarding conductivity of the material as a function of frequency for different ferrite/SiO 2 ratios are presented in Figures 12 and 13 .
Both figures show the same nature of variation in conductivity with frequency, which is the typical characteristic behavior of NZFO [41, 42, [52] [53] [54] , whereas that for the ferrite/SiO 2 ratio is different in the two graphs. Figure 12 shows that conductivity increases with increase in ferrite content while Figure 13 shows behavior in the opposite way. From crystallite size and grain size determination it is observed that the size of the ferrite/SiO 2 composite increases from sample S 1 to S 6 . The smaller the crystallite size, the lower the number cations and hence a limited amount of hopping of charge carriers. As the number of ferrite ions increases with particle size, an increased amount of electron hopping between Fe 3+ ↔ Fe 2+ in the octahedral sites is expected and thus conductivity is enhanced, as observed in Figure 12 . The size of crystallites S 5 and S 6 from XRD is 17 and 26 nm, respectively, and the average grain size of S 5 from HR-TEM is 21 ± 6.9 nm. Thus, the contact area between two grains and the number of ferrite/SiO 2 composites in contact increase with an increase in ferrite content in the composite. The advantage of enhancement in conductivity with increase in area at a single contact point is negated by the increased number of contact points between grains. Hence, conductivity decreases, as observed in Figure 13 . A ferrite compact can be assumed as a series of conducting and nonconducting regions similar to that of a multilayer capacitor, the impedance of which decreases with increase in the frequency of the applied field. In other words, the high frequency field acts as a pumping force for pushing more localized charges and hence mobility and conductivity increase with the frequency of the field, which agrees with Figures 12-14 . As the ferrite content in the sample increases, conductivity increases with temperature. If the thermal energy (k B T) associated with a ferrite particle at temperature T is greater than the activation energy for charge hopping, conductivity is expected to increase, in agreement with Figure 14 . The increase in conductivity may also be due to increase in drift mobility of charge carriers with temperature. For low ferrite concentrations, it is the number of ferrite particles and not the temperature that decides the conductivity. Figure 15 illustrates this observation. If σ sx represents the conductivity of the different ferrite/SiO 2 composites then it is observed that σ s4 > σ s5 > σ s6 and σ s4 > σ s3 > σ s2 > σ s1 . The lattice strain (Sε) resulting from the W-H equation for different ferrite/SiO 2 composites can be written as S ε4 > S ε5 > S ε6 and S ε4 > S ε3 > S ε2 and S ε1 > S ε2 . The resemblance in the two inequality relations indicates that the silicon dioxide matrix has some role in the conductivity of the ferrite medium.
Dielectric constant
One of the most important properties of a material that characterize its technological value is the dielectric constant. There are many factors, such as method of preparation, additives, sintering temperature, microstructure, conductivity, and frequency, that determine the dielectric behavior of a material. Consequently, there is no unique value for the dielectric constant of NZFO. The dielectric aspect of a material is associated with the polarization of the medium, which in general has four components, interfacial, dipolar, electronic, and ionic polarization; all of them are frequency-dependent. In ferrites space-charge polarization is the dominant factor that decides the dielectric properties of the medium. The observed dielectric constant of ferrite/SiO 2 samples as a function of frequency is shown in Figures 16 and 17 .
As expected, both graphs describe the typical inverse dependence of the dielectric constant on frequency [22, 40, 41, 55, 56] . At low frequencies contributions from all four components of polarization of ferrite are present and the value gradually falls, mainly due to the fall in the share from the space-charge component. The time delay in responding to high-frequency alternating fields is strong for interfacial (space-charge) polarization; hence, the dielectric constant decreases with increase in frequency. At very high frequency field polarization due to ionic and electronic components can only follow the field reversal so the total polarization is much smaller than that of a low-frequency field. The nature of variation of the dielectric constant of the composite with change of the ferrite/SiO 2 ratio can be summarized as ε 4 > ε 5 > ε 6 from Figure 16 and ε 4 > ε 3 > ε 1 > ε 2 from Figure 17 . The observed value strain (S ε) of the crystallite is S ε4 > S ε5 > S ε6 and S ε4 > S ε3 > S ε2 and S ε1 > S ε2 . This shows that the dielectric constant depends on the degree of polarization of the medium and also on the extent to which the crystallite is strained. The exact nature of modification of polarization of a ferrite grain under strain is a point to be explored. This also implies that the amorphous SiO 2 matrix has a definite contribution to the dielectric properties of ferrite. Figures 16 and 17 show that the dielectric constant decreases with an increase in ferrite concentration, whereas the nature of variation is exactly opposite in Figure 17 . The maximum value of the dielectric constant is observed for 65% ferrite in SiO 2 (sample S 4 ).
Dielectric loss
We know that the electric flux density and electric field are related by D = ∈ E =∈ 0 E + P , where ϵ and ϵ 0 are the permittivity of the medium and free space and P is the polarization. In an applied alternating electric field, the dipole moment vector rotates and tries to remain aligned with the field. Due to the inherent inertia of dipoles there is a phase delay in the orientation of the dipole moment vector with respect to the applied field. The degree to which the dipole moment vector is out of phase with the incident electric field decides the characteristic energy loss (loss tangent) of the medium. It is also known that dielectric loss is given by the equation tan ( δ) = ϵ ′′ /ϵ ′ , where ϵ ′ and ϵ ′′ are the real and imaginary parts of the dielectric constant.
The loss factor is the primary criterion for the usefulness of a dielectric as an insulator material (low dielectric constant) or capacitor (high dielectric constant). In both cases it is desirable to have a very low dielectric loss tangent. An electric analog of a ferrite nanoparticle is the parallel combination of resistance and capacitance, which is represented in terms of the real part of dielectric permittivity ε ′ and conductivity σ . The phase delay between the respective currents is defined as tan δ = capacitive current resistive current = σ ωε ′ , from which it is obvious that tan δ decreases with frequency since the conductivity of ferrite is very low. The nature of variation of the loss tangent with frequency is consistent with the explanation based on the electrical equivalent model of ferrite particles. It is also observed that dielectric loss decreases considerably due to the presence of the amorphous medium and takes the lowest value (less than 0.5) for highly dispersed ferrite samples S 1 and S 2 . For samples with very low ferrite content, dielectric loss is very low and is nearly a constant irrespective of frequency variation. It is also observed that the loss tangent decreases with increase in temperature, as with frequency of field. Figure  18 illustrates this point. Temperature-dependent behavior of the loss tangent is shown in Figure 19 and is in agreement with the expected theoretical results. sintered at 800, 900, 1000, and 1100
• C with well-defined intensity peaks agree with the JCPDS standard reference. The average crystallite size of samples calculated using the Scherrer formula and W-H method is in agreement with and in the range of previous reported values [9] [10] [11] [12] [13] [14] [15] . The lattice parameter calculated for sample S 2 is 8.391Å and it differs by 0.01 from the value reported using the same method of synthesis, except for the silicon dioxide medium. That means that the SiO 2 medium has nothing to do with the structural aspect of ferrite. Strain on the crystallite is calculated using the W-H method and it is found that the crystallite is under minimum strain in the absence of silica medium. Conductivity and dielectric constant studies reveal that they are clearly influenced by the silica medium. It is found that conductivity (10 −5 to 10 −4 mho m −1 ) and the dielectric constant are maximum for the sample with 65% ferrite (sample S 4 ). It is observed that the ferrite/SiO 2 composite with ferrite crystallite of maximum strain shows the highest value of conductivity and dielectric constant. The dielectric loss tangent is remarkably low with the introduction of silica medium. Thus, the role of the amorphous medium is not only to control crystallite growth at higher sintering temperatures but also to modify the electrical properties of ferrite material. Hence, this study provides an efficient and economical way of synthesis of material of low dielectric constant, very low conductivity and loss tangent, and low frequency dispersion for making good insulators.
